The importance of preserving microorganisms in a viable state needs little stress (1) and various methods of preservation have been suggested (2) (3) (4) (5) . However, the viability test still poses to be a problem in microalgae. The conventional colony counting technique, despite its wide application in bacteriology, has its own limitations.
Besides being semi-quantitative, this method cannot be successfully employed especially for multicellular filamentous microalgae.
Furthermore, most of the microalgae, unlike bacteria, being slow growers involve the risk of contamination on long incubations over agar plates.
Thus it becomes necessary to select a method which must be quantitative in its application and also can be extended both to unicellular and filamentous microalgae.
Since photosynthetic activity is a universal phenomenon in pigmented microalgae, irrespective of their morphological organization, it was considered possible to use this cellular characteristic as a criterion to measure the viability of these organisms.
In various methods of preservation, the cells are usually kept in a non growing condition. Under such conditions, the viability of the cells is considered to be affected mostly by the physical environmental factors. The present investigation was planned on these lines and the results indicated that the photosynthetic activity could be used as a criterion of viability in a non-growing system.
Effects of some physical environmental factors on the photosynthetic activity of algal cells were studied to understand their roll in cell preservation.
MATERIALS AND METHODS

Organisms
and cultivation. The three algal species used in the present investigation were representatives of two distinct biological groups : Chlorella ellipsoidea (Chlorophyceae), Anacystis nidulans and Tolypothrix tenuis (Cyanophyceae).
All the organisms were grown photoautotrophically in flat oblong flasks, unless otherwise stated, in which the algal suspensions were constantly aerated with COB-enriched air under illumination provided with daylight fluorescent lamps for Chlorella ellipsoidea and with filament lamps for the two blue-green algae.
The temperature of the cultures was 25°~26°.
Chlorella ellipsoidea was grown in a medium (6) containing per liter : 0.31 g KNO3, 0.63 g MgSO4. 7H2O, 0.31 g KH2PO4, 0.003 g FeSO4. 7H2O and 1 ml of ARNON's A5 solution (7) . The pH was adjusted to 6.6.
The medium for Tolypothrix tenuis (8) contained per liter : 3.0 g KNO3, 0.5 g Na2HPO4.12H2O, 0.5 g MgSO4. 7H2O, 0.02 g CaCl2, 0.02 g FeSO4. 7H2O and 1 ml of ARNON's A5 solution (7) . The pH was adjusted to 7.5.
Anacystis nidulans was maintained in a medium (8) containinig per liter : 1.0 g KN03, 1.0 g K2HPO4, 0.25 g MgSO4. 7H2O, 0.025 g Ca(N03)2.4H20, 0.165 g sodium citrate, 0.02 g FeSO4.7H2O and 1 ml of ARNON's A5 solution (7) . The pH was adjusted to 8.
Measurement of growth.
Total number of cells of unicellular algae was estimated using a haemocytometer.
Packed volume of algal cells was measured using a haematocrit centrifugal tube. Measurement of photosynthetic activity by whole cells. Photosynthetic activity of the organisms washed thrice with fresh medium was measured by estimating the fixation of 14C02 by whole cells. Each Warburg vessel contained the following in a total volume of 4 ml : 2 ml of a mixture of bicarbonate buffer (pH 8.9) and NaH14C03 (3.8 m,ic/ml) and 2 ml of algal suspesion equivalent to 1 ml packed volume per liter.
The reaction mixture were placed in a water-bath of 25° and kept shaking continuously throughout the experimental period under saturating light intensity. The reaction was allowed to proceed for 30 min and the samples were then taken by a hypodermic syringe and the radioactivity of the whole cells was measured using either a GM counter or a gas-flow counter.
Corrections were made for dark fixation and background radiation.
Heating experiments. For heat treatment, the algal strains at concentrations not exceeding 1 ml packed cells/liter were heated at three levels of temperatures, viz. 42°, 45° and 47° for a time interval ranging from 1 to 60 min.
UV irradiation experiments. Irradiation of algal cells with ultraviolet light was performed by placing 2 ml of algal suspension in a concentration not exceeding 1 ml packed cells/liter in a Petri dish (9 cm in diameter) under an UV lamp (15 W germicidal lamp) set at 30 cm from the Petri dish and operated with a voltage-stabilizer.
The dosage of ultraviolet application was changed by varying the duration of irradiation from 1 to 10 min. to the unheated series (control), in the heated series increase in cell number was delayed to a variable extent as seen from the lag phase, the delay increasing with the period of heating.
RESULTS
Relationship
With 10 and 20 min heating, no significant increase in cell number was observed upto 4 days. However, there was a subsequent recovery of growth rate in all the series. In the series where the cells were heated for more than 30 min no growth occurred. The observed time of recovery may be assumed to depend upon the number of remaining viable cells immediately after heating and the number of such viable cells can arbitrarily be calculated by extrapolating to zero time those parts of the curves which run parallel to the control series. Fig. 2 shows a comparison of the viability ratio estimated in this way with that of the photosynthetic activity of similarly treated cells. It is noteworthy that both viability and photosynthetic activity decreased exponentially. Although both curves did not coincide with each other probably due to some deviation in viable count which requires some correction, these results nevertheless indicated the validity of using the photosynthetic activity as a measure of viability test. Change in the photosynthetic activity during the growth phase of Chlorella Fig. 3 shows the growth curve of Chlorella ellipsoidea and the photosynthetic activity during the growth phase. It was seen that the photosynthetic activity decreased with the age of the culture, reaching a minimum in 12-day old cells. It, therefore, appears that photosynthetic activity cannot be employed as a measure of viability of actively growing cells. However, the following experiments show that this method can be employed for nongrowing systems.
Difference in heat sensitivities
of Chlorella cells at different culture ages Differences in heat sensitivities of Chlorella cells of different ages are clearly demonstrated in Fig. 4 . As mentioned above (cf. Fig. 3 ) the photosynthetic activity of the untreated (zero time) 4-day-old cells was somewhat higher than that of 7-day-old cells. When they were heated at different temperatures, the rate of decrease in the photosynthetic activity of the 4-day-old cells was found to be 1.1-1.3 times more than that of the 7-day old cells as deduced from rate constants shown in Fig. 4 . sensitivity. VOL. 10
Comparison of heat sensitivities of various algae Fig. 5 . shows the course of decrease in the photosynthetic activity of all the three organisms subjected to heating at varying temperatures. In contrast to Chlorella which was killed exponentially without a lag, the two blue-green algae were found to be resistant during the initial period of exposure.
Tolypothrix tenuis was able to withstand 10 min heating both at 42° and 45° and Anacystis nidulans was more or less similar to T. tenuis in this respect. the sensitivity of Chlorella ellipsoidea only initially and not in the subsequent course of inactivation (Fig. 6) . In other words, at low doses of UV irradiation, less than 1 min exposure, older cells of 4-and 7-day culture were insensitive to UV irradiation.
Microscopical examination of the cultures revealed that non-dividing single cells were dominant in 2-day old culture whereas autospore-forming cells were observed at higher frequency in the 4-and 7-day cultures.
These observations seem to interpret the present finding on the basis of the target theory.
Comparison of UV sensitivities of various algae As seen in Fig. 7 the degree of UV-sensitivity in terms of photosynthetic activity varied with organisms.
Of the three forms studied, the viability of Tolypothrix tenuis and Anacystis nidulans was unaffected upto 4-and 2-min irradiation respectively, whereas Chlorella ellipsoidea was most sensitive even at low doses.
DISCUSSION
IVAxovA and MIKHAILOVSKAYA (9) employed respiration and photosynthesis as criteria for assaying living and dead cells in cultures of Anabaena variabilis and Amorphonostoc punctiforme.
In the present investigation, photosynthetic activity as measured by the light fixation of 14CO2 was taken as a criterion of cell viability.
Since the photosynthetic activity changed markedly during the course of algal growth, it cannot be used as a criterion of viability in a growing However, when algal cells were heated, the changes in photosynthetic activity and viability followed an exponential decrease in both cases, although both curves did not coincide with each other.
This observation indicates that the photosynthetic activity can be employed as an indirect measure of viability in a non-growing system. In fact, the rate of decrease in the photosynthetic activity of algal cells subjected to physical treatments (heating and UV irradiation) was found to be similar without being affected remarkably by the culture ages of the cells. Thus, this method may be used conveniently in the course of preservation of algal cells in which nongrowing cells are usually employed.
This method is also credited with an ease of application, besides its adaptability to both unicellular and multicellular filamentous microalgae.
In comparative experiments on heat sensitivities of various algae, the blue-green algae, unlike the greens, showed an occurrence of initial insensitive period during heating, which may be ascribed to the special nature of the cellular proteins of these organisms as suggested by many workers (10, 11) .
SUMMARY
The photosynthetic activity as measured by the light fixation of 14C02 by intact cells has been shown to be a measure of viability of microalgae. This method can be conveniently employed to examine the cell viability change in non-growing systems. Comparative studies on heat and UV sensitivities of various algae were carried out using this method.
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